A 25-year-old man is referred to your hospital's emergency room for a crushed leg injury resulting from an all-terrain vehicle injury. He has a 10 ϫ 6-cm skin defect overlying a 5-cm triangular butterfly fragment of a tibial fracture in the lower third of the leg. What is the best evidence to guide you in the management of his condition?
Management of lower extremity trauma requires that all members of a multidisciplinary team understand all aspects of fracture management, soft-tissue management, and postreconstruction rehabilitation. Techniques for lower extremity reconstruction continue to evolve and improve, and include basic treatment that allows wounds to heal by secondary intention or the more complex techniques requiring microvascular reconstruction. Extremities associated with open fractures that were previously considered for amputation are now routinely salvaged. The goal of this article is to provide the clinician the best level of evidence available in the literature to guide him or her in the management of lower extremity acute trauma.
METHODS FOR IDENTIFYING EVIDENCE
A literature search of PubMed, the Cumulative Index to Nursing and Allied Health Literature, and the Cochrane Library was performed to obtain the best available evidence on reconstruction of lower extremity acute trauma, with emphasis on preoperative assessment, treatment, and outcomes. The following search terms were combined as appropriate, and PubMed MeSH terms were used when available: "lower extremity," "foot," "leg," "heel," "tibial," "trauma," "preoperative assessment," "risk factors," "nicotine," "smoking," "obesity," "diabetes mellitus," "venous thrombosis," "DVT," "deep vein thrombosis," "prevention," "control," "prophylaxis," "antibiotic prophylaxis," "anesthetics," "premedication," "surgical treatment plan," "limb salvage," "skin graft," "skin flap," "muscle flap," "free tissue transfer," "vacuum assisted closure therapy," "microsurgery," "reconstructive surgical procedures," "treatment," "surgery," "outcome," "complications," "postoperative complications," "infection," "flap loss," "amputation," "pain management," and "analgesia." The initial search was limited to human studies that were published from 1999 to 2009 and indexed as meta-analyses, randomized controlled trials, clinical trials, comparative studies, or case se-ries; however, additional references were included if deemed necessary for discussion. Studies were excluded if the full text was inaccessible or of nonEnglish language, as the study quality could not be evaluated. Relevant studies were appraised for quality and validity according to criteria published by the Critical Appraisal Skills Programme 1 and assigned a level of evidence with the American Society of Plastic Surgeons Evidence Rating Scales (Tables 1 through  3) . Studies included in this review are identified below by the type of clinical question (diagnosis, therapy, or risk) and level of evidence. Evidence ratings were not assigned to studies with inadequately described methods and/or worrisome biases or to references included for discussion purposes only (e.g., narrative reviews).
EVIDENCE ON PREOPERATIVE ASSESSMENT
Successful management of the traumatized lower extremity critically depends on accurate initial evaluation of the wound. During initial evaluation of the traumatized lower extremity, the clinician needs to decide whether to salvage or amputate the lower extremity. Lower extremity injury severity scores have been developed to assist the clinician with wound evaluation; however, analysis of five lower extremity injury severity scoring systems demonstrated limited usefulness, and as such, scoring systems cannot be the sole criterion by which decisions to amputate are made. Scores at or above the amputation threshold should be used cautiously by a surgeon managing the lower extremity injury (Diagnosis: Level IV Evidence). 2 With lower extremity trauma, a vascular injury may occur. The best evidence for preoperative imaging before revascularization is summarized in a 2002 study by Luján et al. in which 57 patients with chronic lower extremity ischemia were evaluated comparing accuracy of duplex scanning and angiography for surgical planning; both imaging modalities were similar, but neither was found to be better than final operative results, and thus intraoperative angiography was recommended to remain the criterion standard (Diagnosis: Level I Evidence). 3 Lutz et al. in 2000 studied 36 patients with traumatized lower extremities and concluded that preoperative angiography should be performed only when both pedal pulses are absent, and in some cases, the authors found that patients 6 recommended flap coverage of Gustilo grade IIIB/C fractures within 3 days of injury. He reported a higher rate of infection and flap loss for those patients who received treatment more than 72 hours after injury. However, the definition of early repair remains ambiguous, Godina's results were published before the adjunct use of negativepressure dressings, and experience with lower extremity microsurgical reconstruction has increased since their publication. A retrospective study by Karanas et al. demonstrated no flap loss and one case of late osteomyelitis in 14 patients undergoing free flap reconstruction beyond 72 hours (Therapy: Level IV Evidence). 7 In this study, the authors did have the advantage of using negative-pressure therapy. In another study, Hertel et al. also addressed the issue of timing: 29 open fractures of the tibia were treated immediately or in a delayed fashion; the immediate group had statistically lower time to weight bearing, time to definitive union, number of reoperations, and infection rate (Therapy: Level III Evidence). 8 It is worth noting that both of these studies were retrospective case series or comparative studies. Clearly, better prospective randomized studies are needed to ultimately determine the optimal timing for soft-tissue reconstruction.
EVIDENCE ON ANESTHESIA
No specific evidence was found. A wound that is allowed to heal by secondary intention following mandatory operative débridement requires no anesthetic compared with a wound undergoing free flap reconstruction, which requires prolonged infusion of general anesthesia. Rinker et al. 9 mentioned the use of an epidural catheter in 15 of 26 pediatric patients with some success in terms of reducing narcotic requirements in patients undergoing lower extremity free tissue reconstruction (see Evidence on Postoperative Outcomes section).
EVIDENCE ON SURGICAL TREATMENT PLAN
Ideal lower extremity reconstruction would restore function and form, promote bony union, restore sensation, and minimize donor-site morbidity. Fracture stability and reduction precedes soft-tissue reconstruction. Moreover, before a reconstruction, all nonviable tissue, infection sources, and vascularity must be addressed. The reconstructive surgeon must use all the fundamental principles of the reconstructive ladder and available tools to achieve successful reconstruction. The success rate in the literature of lower extremity limb salvage in patients undergoing free tissue transfer has been reported to be approximately 95 percent in acute and chronic lower extremity wounds (Therapy: Level IV Evidence). 10, 26 Classically, the lower extremity has been divided into thirds for which certain types of reconstructive flap choices have been advocated: the gastrocnemius muscle flap in the proximal third, the soleus muscle flap in the middle third, and free tissue transfer in the distal third.
In high-energy trauma, the availability of healthy recipient vessels is crucial in achieving reconstructive success. Occasionally, vessels may not be readily available at the site of reconstruction, from either the trauma or the preexisting vasculopathy. To lengthen the vascular pedicle, vein grafts or even arteriovenous loops may be required to perform microvascular anastomosis. In the largest series reported to date, Cavadas evaluated 55 patients who had arteriovenous loops constructed in their extremities, and found the procedure to be safe and reliable (Therapy: Level IV Evidence).
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Whether or not sensory recovery is beneficial in lower extremity reconstruction remains unclear in terms of whether or not it would prevent wound breakdown. A 2008 prospective study conducted in Switzerland randomized 30 patients to evaluate end-to-side sensate coaptation using the lower lateral cutaneous brachial nerve (lateral arm flap) to the tibial nerve in lower extremity reconstruction to address restoration of sensation (Therapy: Level II Evidence). 12 The study found that, compared with the control group (reconstruction without nerve coaptation), the end-to-side group showed improved values in sensory testing; however, blinding, randomization details, and measures of effect were not addressed.
Negative-pressure therapy has been used with success in treating wounds of the lower extremity with exposed tendon bone and even hardware. In a study of 75 patients conducted at Wake Forest University, the authors describe successful coverage with vacuum-assisted closure therapy without the need for complex reconstruction in 71 of 76 patients (Therapy: Level V Evidence). 13 In this study, the authors did warn the readers to use the vacuum-assisted closure on relatively small, clean wounds with either exposed bone, tendon, or hardware and that larger wounds may require more stable coverage with complex reconstruction. This case series did not include details on patient selection; therefore, it is unclear whether the patients were consecutive.
Significant tibial and skin defects have been treated with vascularized fibula graft with peroneal skin flaps with good success, achieving bony union by an average of 16 weeks (Therapy: Level V Evidence).
14 This was successful in seven of seven patients in this study. The senior author (L.S.L.) 15 has previously described the use of single-tissue and composite flaps that may include an osseous component for reconstruction of large bony defects.
Options for non-free flap reconstruction of the distal third of the leg, when microsurgical expertise is not available or possible, include the sural fasciocutaneous flap. Several studies have showed the utility of this flap in lower extremity reconstruction (Therapy: Level IV Evidence). 16, 17 However, in the senior author's own experience, significant complications associated with use of this flap have been shown (36 percent necrosis rate), especially in patients with preexisting medical conditions and age older than 40 years (Risk: Level II Evidence), 18 and the reader is warned to approach this method of reconstruction to the distal third of the leg cautiously and to consider the concept of surgical delay when using this flap (Therapy: Level V Evidence). 19 The medial plantar artery flap is a versatile flap for heel, lateral plantar, and posteromedial ankle reconstruction because it is durable and can even be sensate-ideal for a weight-bearing surface. In 2006, Schwarz and Negrini showed total flap survival of 98 percent in 48 patients undergoing reconstruction with the medial plantar artery flap for heel ulcers: one patient had necrosis and four patients had delayed healing (Therapy: Level IV Evidence). 20 Occasionally, the operating surgeon must deal with a chronic infected wound after failed initial therapy, whether it is from delayed referral or failed prior surgical therapy. Hong et al. successfully treated 28 patients with chronic osteomyelitis of the lower extremity with adequate surgical dé-bridement and reconstruction with anterolateral thigh flaps: 10 cases were open fractures, eight cases were secondary wound complications, and 10 cases were diabetic wounds (Therapy: Level IV Evidence). 21 Although a muscle flap is known to provide superior vascular perfusion, interestingly, in this study, the authors were able to successfully eradicate infection with perforator-based anterolateral thigh flaps.
Very little has been written regarding complex pediatric lower extremity injuries requiring reconstruction. Unlike the adult population, the absence of vasculopathy and secondary medical conditions such as diabetes or hypertension in the pediatric population makes free tissue reconstruction more attractive. Lickstein and Bentz showed preservation and ability to ambulate in 18 pediatric foot and ankle injuries; 11 free flaps were performed, with three complications (Therapy: Level IV Evidence). 22 Others have advocated and successfully used the distally pedicled sural fasciocutaneous cross-leg flap in severe foot and ankle pediatric trauma because of the risk of spasm and smaller vessel diameter compared with the adult population (Therapy: Level IV Evidence).
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EVIDENCE ON POSTOPERATIVE OUTCOMES
In 2000, the Lower Extremity Assessment Project study, a multicenter, prospective, nonrandomized, observational study, was performed to answer questions regarding amputation versus limb salvage in patients who had sustained highenergy lower extremity trauma. 24 Demographic information was evaluated in 601 patients who were treated and followed for 24 months at eight trauma centers; Lower Extremity Assessment Project study patients had greater preexisting social, economic, and personality disadvantages as compared with the general public, and the study found that functional outcomes may be related to these preexisting factors regardless of whether or not limb salvage (422 patients) or amputation (179 patients) was performed. With this information in mind, as physicians, we are now able to better counsel our patients by understanding prognostic factors that may alter outcomes in high-energy lower extremity trauma.
In 2007, Busse et al. performed a meta-analysis review of nine studies to compare complex limb salvage for severe lower extremity injury versus early amputation and found no difference in functional outcome at 7 years (Therapy: Level II Volume 127, Number 2 • Lower Extremity Acute Trauma Evidence). 25 The authors also found that the two groups had similar length of hospital stay, but the limb salvage group had a higher cost of care, more infectious complications, and a greater rate of reoperation and rehospitalization. In addition, return to work was the same in the limb salvage and primary amputation groups, with half returning to work at 2 years after trauma. Using data generated from the Lower Extremity Assessment Project study, a newer study by Chung et al. performed a cost-utility analysis and demonstrated that amputation was more expensive than limb salvage in patients who sustained Gustilo grade IIIB/C fractures. 26 This study also showed that long-term expense was more profound for younger patients who had amputation, given the ongoing cost associated with prosthesis need.
In a study evaluating complications following limb-threatening lower extremity trauma, 545 patients were evaluated: 149 underwent amputation during the initial hospital phase and 371 limb reconstructions were performed (Therapy: Level II Evidence). 27 Among the patients who underwent amputation, complications were noted mostly at 3 months (24.8 percent), with wound infection being the most common (34.2 percent); in the group that underwent reconstruction, 3.9 percent required late amputation, and complications were most frequently seen at 6 months (37.7 percent), with the most common complication being wound infection (23.2 percent) and with osteomyelitis and nonunion being more common in the salvage patient population.
Another study of 588 free tissue lower extremity reconstructions over 25 years showed an overall failure rate of 8.5 and 8.8 percent for trauma patients (Therapy: Level IV Evidence). 28 In this study, the authors noted a decreasing failure rate in the trauma patients, from 11 percent during the first 12 years to 3.7 percent during the last 11 years of the study; of the patients who had failed free flap reconstruction, 18 percent went on to amputation, and the rest were salvaged with secondary reconstructions. The authors also noted that that timing of reconstruction had no effect on flap failure rate.
A long-term follow-up study conducted in Lexington, Kentucky, evaluated 26 pediatric trauma patients who underwent lower extremity free flap surgery and found lower complication rates in patients who had surgery within 7 days of injury. All limbs were salvaged successfully, and all patients were ambulatory at the time of follow-up (mean, 4.5 years) (Therapy: Level IV Evidence). 9 Although there is a high rate of infection after reconstruction, it is unclear why this occurs. A study conducted in Philadelphia evaluated 365 patients who underwent revascularization and found that factors such as diabetes, obesity, renal failure, reoperation, and prosthetic grafts did not cause an increased risk of infection (Risk: Level II Evidence).
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SUGGESTED TREATMENT FOR CLINICAL SCENARIO
When practicing evidence-based medicine, the surgeon should consider the strength of the available evidence and integrate the evidence with his or her clinical expertise and the patient's values and preferences to develop an appropriate treatment plan. The treatment plan below is an example of how the surgeon might use the evidence to care for this particular patient.
The 25-year-old man has sustained a Gustilo grade IIIB fracture in the distal third of the leg. Clinical examination should be performed to document pedal pulses and, if absent, angiographic examination should be performed (Level IV Evidence). 4 Although strong evidence is lacking, the patient should be treated early rather than in a delayed fashion with débridement of nonviable tissue and fracture stabilization followed by free tissue reconstruction because there are studies to support faster time to weight bearing and fracture union and a lower infection rate (Level III Evidence). 8 One can argue that a perforator-based flap (such as the anterolateral thigh flap) should be used for soft-tissue reconstruction in this case because of decreased donor-site morbidity as compared with a muscle-based free flap reconstruction. When the anterolateral thigh flap was used, infection was successfully eradicated (Level IV Evidence). 21 The patient can expect to have a 50 percent chance of returning to work 2 years after trauma (Level II Evidence). 
